Purpose: Risk factors for wound complications or 30-day mortality after major amputation in patients with peripheral arterial disease remain unclear. We investigated the outcomes of major amputation in patients with peripheral arterial disease. Methods: Patients who underwent major amputation from 2008 to 2015 were retrospectively analyzed. The main outcome measures were risk factors for wound complications and 30-day mortality after major lower limb amputations. Major amputation was defined as above-knee amputation or below-knee amputation. Wound complications were defined as surgical site infection or wound dehiscence. Results: In total, 106 consecutive patients underwent major amputation. The average age was 77.3 AE 11.2 years, 67.9% of patients had diabetes mellitus and 35.8% were undergoing hemodialysis. Patients who underwent primary amputation constituted 61.9% of the cohort, and the proportions of above-knee amputation and below-knee amputation were 66.9% and 33.1%, respectively. The wound complication rate was 13.3% overall, 10.3% in above-knee amputation, and 19.5% in below-knee amputation. Multivariate analysis showed that the risk factors for wound complications were female sex (hazard ratio, 4.66; 95% confidence interval, 1.40-17.3; P ¼ 0.01) and below-knee amputation (hazard ratio, 4.36; 95% confidence interval, 1.20-17.6; P ¼ 0.03). The 30-day mortality rate was 7.6%, pneumonia comprised the most frequent cause of 30-day mortality, followed by sepsis and cardiac death. Multivariate analysis showed that a low serum albumin concentration (hazard ratio, 3.87; 95% confidence interval, 1.12-16.3; P ¼ 0.03) was a risk factor for 30-day mortality. Conclusions: Female sex and below-knee amputation were risk factors for wound complications. A low serum albumin concentration was a risk factor for 30-day mortality after major amputation in Japanese patients with peripheral arterial disease.
Introduction
The prevalence of peripheral arterial disease (PAD) has been increasing. 1 Among patients with PAD, those with critical limb ischemia (CLI) are vulnerable to the risk of major amputation and a poor prognosis. [2] [3] [4] Bypass surgery or endovascular therapy is performed for limb salvage; however, unhealed wounds necessitate major amputation. Furthermore, the prognosis after major amputation is very poor. 5 Patients with PAD have various comorbidities such as diabetes mellitus and/or hemodialysis, which are risk factors for impaired wound healing after bypass surgery. 6 However, the preoperative risk factors for wound healing of the stump and the 30-day mortality after major amputation in patients with PAD remain unclear. The aim of this study was to elucidate the treatment outcomes of major amputation.
Patients and methods
From 2008 to 2015 at the Department of Vascular Surgery, Matsuyama Red Cross Hospital, 106 consecutive patients underwent major amputation due to gangrene of the lower limb. Major amputation was defined as above-knee amputation (AKA) or belowknee amputation (BKA). The patients' data were obtained from the medical and operative records, and retrospectively analyzed. Only patients with PAD were included in this study and amputations due to other causes (embolization due to atrial fibrillation, diabetic gangrene without ischemia, trauma or bone/skin malignancy) were excluded. PAD was defined as deficit of pulse and/or ankle-brachial index, ultrasound, computed tomography. Patients with acute-on-chronic limb ischemia were included. The amputation level was determined as follows: bedridden patients underwent AKA, patients with gangrene or infection that extended to the lower thigh underwent AKA, and remaining patients underwent BKA. The main outcome measures were risk factors for wound complications and 30-day mortality after major amputation of the lower limb. Wound complications were defined as surgical site infection or wound dehiscence. Coronary artery disease was defined as a history of angina, myocardial infarction, and revascularization of a coronary artery. Chronic heart failure was defined as a history of heart failure or an ejection fraction of <50% as determined by echocardiography. Cerebrovascular disease was defined as a history of cerebral infarction.
The characteristics and distribution of risk factors in the patient groups were analyzed using the 2 test for categorical variables and Student's t-test for continuous variables. The various risk factors analyzed in this study included age, comorbidities, preoperative white blood cell (WBC) count, C-reactive protein (CRP) concentration, and serum albumin concentration. A Cox proportional hazards regression model was used to investigate the associations of the preoperative characteristics with wound complications and 30-day mortality. Variables with a P value of <0.05 in the univariate analysis and arbitrary factors were included in the multivariate analysis. A P value of <0.05 was considered to indicate statistical significance. The Kaplan-Meier life table method was employed to assess overall survival. All statistical analyses were conducted using JMP Õ 10 software (SAS Institute, Cary, NC, USA).
Results

Population characteristics
The characteristics of the patients are shown in Table 1 . The average age was 77.3 AE 11.2 years, and 63.2% of the cohort was male. Patients with diabetes mellitus and undergoing hemodialysis constituted 67.9% and 35.8% of the cohort, respectively. Patients who underwent primary amputation comprised 61.9% of the cohort, and the proportions of AKA and BKA were 66.9% and 33.1%, respectively. Femoral artery pulse was normal in all patients, while pulse deficit of popliteal artery was observed in 60.2% of the cohort. There were no severe chronic obstructive pulmonary disease patients who need for home oxygen therapy.
Wound complications and risk factors
The wound complication rate was 13.3% overall, 10.3% in AKA, and 19.5% in BKA. Higher amputation was performed in seven of eight patients who experienced BKA failure and one of nine patients who experienced AKA failure. Table 2 shows the results of the univariate and multivariate analyses of risk factors for wound complications after major amputations. In the univariate analysis, female sex was a risk factor for wound complications. Pulse deficit of popliteal artery was not significant risk factor. In the multivariate analysis, the risk factors for wound complications were female sex (hazard ratio (HR), 4.66; 95% confidence interval (CI), 1.40-17.3; P ¼ 0.01) and BKA (HR, 4.36; 95% CI, 1.20-17.6; P ¼ 0.03).
Thirty-day mortality and risk factors
The 30-day mortality rate was 7.6%. Pneumonia was the most frequent cause of 30-day mortality, followed by sepsis and cardiac death (Figure 1 ). Table 3 shows the results of the univariate and multivariate analyses of risk factors for 30-day mortality after major amputations. In the univariate analysis, only a low serum albumin concentration was a risk factor for 30-day mortality. In the multivariate analysis with inclusion of arbitrary factors, a low serum albumin concentration (HR, 3.87; 95% CI, 1.12-16.3; P ¼ 0.03) was a risk factor for 30-day mortality.
Overall survival Figure 2 shows the Kaplan-Meier curves of overall survival after major amputation. The overall survival rates at 1 year and 2 years were 63.5% and 37.3%, respectively.
Discussion
Population characteristics
Several previous reports have described the outcomes after amputation of lower limbs [7] [8] [9] ; however, reports on the treatment outcomes after major amputation only in patients with PAD are limited. 10, 11 While previous reports have examined heterogeneous populations that included various causes of amputations or various amputation levels such as transmetatarsal amputation, 8, 9 we focused on treatment outcomes only after major amputation, defined as amputation above the ankle, in patients with PAD.
Wound complication rates and risk factors
Early post-operative wound complication rates vary from 12% to 34% in BKA and from 6% to 16% in AKA. [7] [8] [9] Diabetes mellitus and hemodialysis are reported risk factors for delayed wound healing after paramalleolar bypass in patients with CLI. 6 O'Brien et al. 9 sepsis, end-stage renal disease, ongoing tobacco use, a body mass index of !30 kg/m 2 Figure 1 . Cause of 30-day mortality. The 30-day mortality rate was 7.6%. Pneumonia was the most frequent cause of 30-day mortality, followed by sepsis and cardiac death.
(reference, 25 kg/m 2 ), BKA (reference, AKA), and age of 65 years (reference, !80 years) are risk factors for wound complications. In the present study, female sex and BKA were risk factors for wound complications after major amputation.
While several reports have stated that female sex is a risk factor for wound complications after open lower extremity revascularization, 12,13 none have described female sex as a risk factor for wound complications after major amputation. The reasons for the relationship between female sex and wound complications after major amputation are unknown. This association may be affected by the amount of fat or skeletal muscle, although the amount of skeletal muscle was not examined in the present study.
Thirty-day mortality and risk factors
Thirty-day mortality rates after major amputation vary from 4% to 22%.
14 Various factors such as age, hemodialysis, cardiac disease, and cerebrovascular disease have been reported as risk factors for 30-day mortality. 5, [15] [16] [17] [18] In this study, the serum albumin concentration was associated with 30-day mortality. No reports have described a relationship between the serum albumin concentration and 30-day mortality after major amputation in patients with PAD. Feinglass et al. found that the serum albumin concentration was associated with 30-day mortality in patients who underwent in BKA. 18 A limitation of their study was that they only examined male patients and included all causes of amputation.
In one study, variables related to 30-day mortality after bypass surgery in patients with CLI were age, steroid use, chronic obstructive pulmonary disease, systemic inflammatory syndrome, end-stage renal disease, and a non-ambulatory status. 19 Meltzer et al. reported that an age of >75 years, prior amputation or revascularization, hemodialysis, severe cardiac disease, angina within the last 1 month or myocardial infarction within the last 6 months, and a history of an emergency operation were risk factors. 20 Although a low serum albumin concentration was reported as a 2-year prognostic factor after revascularization, 21 no previous reports have described a low serum albumin concentration as a risk factor for 30-day mortality in patients with CLI after revascularization or major amputation. A low serum albumin concentration is a reported risk factor for 30-day mortality after surgery in patients with other diseases such as colorectal cancer 22 or ovarian cancer. 23 Hypoalbuminemia is indicative of undernutrition or a poor general health status. Considering the poor general status and various comorbidities of patients who undergo major amputation, the relationship between a low serum albumin concentration and 30-day mortality is not unexpected.
Limitations
There are several limitations in our study. First, this was a single-center retrospective study with a small number of patients. The present study was potentially underpowered due to small sample size. Second, selection bias may have been associated with the decisionmaking process regarding the amputation levels, although the amputation level was determined as described in the Methods section. Third, patients who underwent BKA and AKA were examined as a single group. Fourth, imaging for anatomic assessment was insufficient in some patients. Objective testing such as ankle-brachial index, ultrasound, or CT was not performed in the preoperative examination for all patients. Therefore, patency of inflow artery was judged by palpation of pulses. Fifth, though it is important to examine including the factors of smoking history, smoking status was not included due to lack of the data in some patients. Finally, long-term results were not examined because of the lack of follow-up data. Nevertheless, our study adds to the knowledge base of major amputation in Japanese patients with CLI.
Conclusions
The prognosis after major amputation is very poor. Female sex and BKA were risk factors for wound complications. A low serum albumin concentration was a risk factor for 30-day mortality after major amputation in Japanese patients with PAD.
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